ABSTRACT

19
In a fitness landscape, fitness values are associated to all genotypes corresponding to several, 20 potentially all, combinations of a set of mutations. In the last decade, many small experimental 21 fitness landscapes have been partially or completely resolved, and more will likely follow.
22
MAGELLAN is a web-based graphical software to explore small fitness/energy landscapes through 23 dynamic visualization and quantitative measures. It can be used to explore input custom landscapes, 24 previously published experimental landscapes or randomly generated model landscapes. 25
INTRODUCTION
26
Sewall Wright (1932) first introduced fitness landscapes as a metaphor to study evolution. Fitness 27 landscapes have been increasingly popular in the last couple of decades (recent reviews by Orr 28
(2005) and de Visser and Krug (2014)) as more and more landscapes were experimentally resolved 29 (see Table 1 in Weinreich et al., 2013) . Fitness landscapes were not only a cornerstone in our 30 understanding of evolution (Maynard Smith, 1970; Kauffman, 1993; Gavrilets, 2004 ) but also 31 contributed to the scientific exchange with other fields, especially with computer science (Richter, 32 2014) and physics (Stein, 1992 paths is meaningful only in a model where the population is genetically homogeneous and is 73 abstracted as a single particle that climbs the peaks of the landscape (the so-called "strong selection 74 weak mutation" regime defined by Gillespie (1983) ). In experimental fitness landscapes, the fitness 75 proxies can only be considered as good substitutes for genuine fitness under some strong 76 assumptions and even the scale (linear, log or exponential) where the landscape should be analyzed 77 could be hard to define. 78 79
In the original Wright representation, all genotypes are located on a flat plan and a third dimension 80 is used for fitness (Wright, 1932) . These metaphoric fitness landscapes are aesthetically appealing 81 (see e.g. Figure 2 in Orr, 2005) , but cannot be used to properly study fitness landscapes. Indeed, 82
because of the high dimensionality of the neighborhood, genotypes cannot be placed on a flat plane 83 while keeping the correct distances between them. This simple argument gave rise to criticisms 84 against the usefulness of fitness landscapes visualization (e.g. Provine 1986 , Gavrilets 2004 
Visual representation
120
In the standard view (Figure 1) 
Summary statistics
145
MAGELLAN reports, on the panel located at the right of the representation, the complete set of 146 summary statistics that were proposed in the literature: 147
• Number of peaks (Weinberger, 1991) , which are genotypes with no fitter neighbor. It also 148 corresponds to the number of local fitness maxima. 149
• Number of sinks (Ferretti et that have no epistasis, magnitude epistasis (change in fitness effect without change in sign), 156 sign epistasis (one of the two mutations has an opposite effect in both backgrounds) and 157 reciprocal sign epistasis (both mutations have an opposite effects on the other background).
158
Note that the definition of sign epistasis and reciprocal sign epistasis does not depend on the 159 scale (e.g. linear or log) whereas the magnitude epistasis does. 160
• Amount of epistasis assuming a Fourier expansion of the landscape (Stadler, 1996; 161 Weinreich et al., 2013; Neidhart et al., 2013) . It is the fraction of interactions that cannot be 162 reduced to simple additive fitness. We report the fraction of interactions of order 2 as well as 163 the interactions of higher order.
164
• γ and γ* (Ferretti et al., submitted): correlation in fitness effects between genotypes that 165 only differ by 1 locus, averaged across the landscape. γ* is the correlation in sign and is 166 therefore independent of the scale (linear or log). 167
• Number of chain trees, chain steps and chain depth (Ferretti et 
